Objective: The aims of this study were to investigate the time-course of depressive mood in patients with coronary artery disease during a secondary prevention rehabilitation program, and to analyse how different pre-treatment levels of depressive mood during a treatment phase were related to the degree of lifestyle change at 36 months follow-up. Subjects: The study group comprised 109 of the original 183 consecutive coronary artery disease patients (91 male and 18 female) of whom 48 recently had experienced an acute myocardial infarction, 36 had been treated with coronary bypass surgery, 13 with percutaneous transluminal coronary angioplasty, and 12 had angina pectoris that had not been invasively treated. The subjects were divided into 3 subgroups based on their pre-treatment level of depressive mood. Methods: Depressive mood was assessed at baseline, after 4 weeks and 12 months, using the depression subscale of the Hospital Anxiety and Depression scale. Lifestyle changes analysed included diet, smoking, relaxation (stress management) and exercise. Results: Overall depressive mood ratings were significantly lower, both at the 4-week and 12-month assessments, compared with baseline, with the greatest improvements in patients with higher Hospital Anxiety and Depression measured depression. Original levels of depressive mood were not found to influence change of lifestyle habits during a 36-month follow-up period. Conclusion: Depressive mood might not be an obstacle to lifestyle changes when participating in a behaviourally oriented rehabilitation program including exercise-training, which might be a component important for improved depressive mood.
Depression is highly prevalent in patients with coronary artery disease (CAD) (1) and generally has a negative impact on important coronary end-points, such as functioning (2-3) and recurrence of cardiac events (4) , as well as on lifestyle changes. Ziegelstein et al. (5) found that depressed patients were less successful in reducing stress, and had lower adherence to a lowfat diet and regular exercise 4 months after acute myocardial infarction (AMI). Mayou et al. (3) reported that patients who were depressed in the hospital after AMI were more likely than non-depressed patients to report less exercise. They were also less successful in changing their diet and in maintaining smoking cessation at a 12-month follow-up.
The effects of cardiac rehabilitation interventions on depression have not been unequivocal. Several evaluations (e.g. [6] [7] [8] [9] [10] [11] [12] including some controlled studies have demonstrated beneficial effects on depressive mood. Other controlled trials have, however, resulted in less favourable results and often failed to influence depression in patients with CAD (13) (14) (15) (16) (17) (18) (19) .
In an earlier study Lisspers et al. (20) reported a decreased level of Beck Depression Inventory (BDI)-measured depression after a 4-week in-patient phase in 40 patients with CAD following a 12-month behaviourally oriented rehabilitation program. At the end of the rehabilitation period this reduction was maintained among patients who at the start of the program were considered mildly depressed. On the other hand, patients with pre-treatment BDI-scores suggesting clinical depression levels relapsed to baseline levels. However, when diagnosing or measuring depression in patients with physical diseases, it is important to consider that symptoms of depression (e.g. fatigability, sleep disturbance and work inhibition) may as well be symptoms of the physical disease (21) (22) . using the BDI (23) divided into a physical and a non-physical subscale, as suggested by Söderman & Lisspers (22) , Lisspers et al. (20) reported that the observed relapse to high BDI scores among clinically depressed subjects was true only for the emotional/cognitive symptoms, while the physical symptoms were improved. In spite of this differential long-term development, subgroups did not differ on any of the lifestyle habits assessed (diet, smoking, relaxation and exercise).
Another frequently used inventory, developed specifically to detect emotional disturbances in non-psychiatric patients, is the Hospital Anxiety and Depression scale (HAD) (24) . The HAD covers only non-physical items, all related to anhedonia, or absence of positive affect, on the assumption that physical symptoms may be related to the underlying medical disorder. The HAD has been used in several CAD rehabilitation studies (8) (9) (10) (11) .
The present study was designed partially to replicate our previous study (20) in a larger sample using the HAD scale for the assessment of levels of depressive mood. Consequently, the aim was to investigate the time-course of depressive mood in patients participating in a 12-month secondary prevention rehabilitation program and to analyse how different pre-treatment levels of depressive mood were related to the degree of lifestyle change during follow-ups.
METHODS

Patients
The final study group comprised 109 patients recruited consecutively and entering the program during 1995. To be eligible for the study, subjects had to fulfil the following inclusion criteria: (i) AMI, coronary artery bypass surgery (CABG) or percutaneous transluminal coronary angioplasty (PTCA) as the patients last diagnosis at the most 6 months before the start of the program, (ii) age below 60 years, (iii) employed, (iv) able to perform a bicycle ergometer test with a minimum capacity of 70 Watts, (v) absence of any other physical or psychiatric disease that would interfere with participation in the program.
Of the originally 183 patients, 74 (40%) patients were excluded from the study for different reasons. One patient refused to participate in the study at the start of the program, and for 15 patients pre-treatment data was missing due to administrative mistakes at the rehabilitation centre. At the 4-week and 12-month assessments data was not available for another 33 and 25 patients, respectively, due to the patients not having returned the questionnaires in spite of several reminders.
Of the remaining 109 patients (91 male and 18 female), 48 (44%) had recently experienced an AMI, 36 (33%) had recently been treated with CABG, and 13 (12%) with PTCA, and 12 (11%) patients suffered from angina pectoris, who had not been invasively treated. The minimum duration from the clinical coronary event to inclusion in the program was 2 weeks, 4 weeks and 6 weeks for PTCA, CABG and AMI, respectively, and the maximum duration was 6 months.
The rehabilitation program
The rehabilitation program used behaviourally oriented methods to promote long-term lifestyle behaviour changes (25) . Lifestyle areas covered in the intervention included stress management (relaxation), diet, smoking and exercise habits. The program, which had a total duration of 12 months, started with a 4-week residential stay at the intervention unit, during which time a combination of group-oriented (5-8 participants) and individual intervention formats was used in lectures, discussion seminars and practical skills training. The participants were also given daily "homework" assignments in all lifestyle areas to be performed individually between the group sessions.
Each participant was assigned a specific staff member as a "case manager", together with whom he/she had a series of individual, structured interview sessions. The aim of these sessions was to achieve an individualization of all material covered elsewhere and, hence, to promote motivation and preparedness for behaviour change. Spouses were invited to participate in the program during the third week.
After the in-patient phase, the intervention was continued with an 11-month home-based maintenance phase including regular followup contacts by post and telephone between the patient and his or her "case manager". During the first 3 months after departure, patients kept a daily self-observation diary of their diet, smoking, relaxation and exercise habits. The diaries were posted to the "case manager" every fortnight, and feedback was sent back to the patients in form of graphs showing the behaviour change progress. From the fourth to the eleventh months such diaries were sent to the intervention unit and feedback was returned on a monthly basis. In addition, results of any medical check-ups were sent to the intervention unit. All this material formed the basis for telephone contacts between the nurse and the patient for verbal feedback, problem-solving and re-planning on at least 3 pre-planned occasions (3, 8 and 11 months after leaving the intervention unit).
The program was an exclusive CAD rehabilitation program and was not originally designed to include special treatment for depression. However, the cognitive-behavioural oriented program included components that might have some beneficial influences on depressive mood.
Assessments
The assessment procedures followed the standard protocol of the project described earlier (25) and were performed at the start of the program, after the 4-week in-patient intervention phase and at the 12-, 24-and 36-month follow-ups.
Depressive mood was measured using the depression subscale (HADD) of the HAD (24), which apart from the depression subscale also comprises an anxiety (HADA) subscale. The 2 subscales contain 7 items each on a 4-point Likert scale (ranging from 0 to 3). Zigmond & Snaith (24) suggested 2 cut-off scores for detecting anxiety and depression, respectively, 8 for doubtful cases and 11 for definite cases. There is, however, no single generally accepted cut-off score for the HAD (26), or cut-off scores corresponding to the "mild" and "clinical" depression of the BDI (23) . Thus, in this study cut-off scores of HADD were calculated using the same proportions of subjects in each category of depressive mood (53% without, 28% with mild degree and 19% with higher degree of depressive mood) as in the study by Lisspers et al. (20) utilizing the BDI. This resulted in the operationally defined cut-off score of 5 for "mild degree", and 9 for "higher degree" of depressive mood.
At baseline and at the 12-, 24-and 36-month follow-ups, different measures of lifestyle habits (diet, smoking, relaxation and exercise habits) were assessed using a self-report questionnaire developed for the project (25) . Diet questionnaire data was analysed in terms of a crude diet index based on the average item scores (0-3) on questions regarding the type of food generally eaten (low-fat foods; high-fat foods; vegetables and fruits; fibre rich foods; root vegetables) emphasizing high-fat foods intake through multiplying the score by a factor of -3. Smoking was analysed in terms of number of cigarettes smoked per day. The frequency of relaxation was the average number of relaxation sessions over 5 minutes in length per week. Exercise occasions were defined as efforts corresponding to at least a brisk walk for 20 minutes or more and were analysed as frequency per week.
Statistical analyses
Differences between groups were calculated using one-way ANOVA and χ 2 test for continuous and categorical variables, respectively. In order to eliminate pre-treatment differences, one-way ANCOVAs, with the baseline level of the dependent variables as covariates, were used. Differences between subgroups over time were analysed using two-way repeated measures ANOVA. The Tukey HSD test served as a post hoc test.
All tests were performed using SPSS for Windows version 12.0 or Statistica programs '98 edition. A significance level of 5% was adopted.
RESuLTS
The 109 patients included in the study differed from the 74 excluded only in terms of diagnostic entity. There were more patients with AMI, but less with PTCA in the included group. However, in the included group, there were no differences between the subgroups without depressive mood (HADD 0-4), mild degree (HADD 5-8) and higher degree (HADD 9-21) of depressive mood in terms of the average level of age, the distribution of clinical groups of CAD, or tobacco users. There was, however, a significant difference in gender distribution, with women proportionally less numerous in the group with mild degree of depressive mood than in the other 2 groups (Table I) .
Changes in depressive mood during the rehabilitation period
The mean baseline value of depressive mood across all subjects was 4.94, approaching the cut-off level for mild degree of depressive mood (5.0). After the 4-week in-patient rehabilitation phase the value had decreased to 2.55, and at the 12-month assessment the score was 4.13, F (2, 216) = 43.22, p < 0.001. Post hoc tests indicated a significant decrease at the 4-week assessment (p < 0.001), which, despite a subsequent significant increase (p < 0.001), was still significantly lower at the 12-month follow-up compared with the baseline level (p = 0.006, Fig. 1) .
Analyses of changes in depressive mood in the different subgroups over time revealed a significant interaction effect, F(2, 212) = 14.28, p < 0.001, indicating a different pattern of change over time. As Fig. 2 implies, all subgroups displayed significantly lower scores of depressive mood at the 4-week assessment and a subsequent increase at the 12-month follow-up. The greatest improvements at the 4-week assessment appeared in the 2 groups with depressive mood (p < 0.001 for both groups). At the 12-month assessment lower scores in comparison with baseline levels were found in the subgroups with mild (p < 0.01) and higher degree of depressive mood (p < 0.001), whereas no significant change compared with baseline was found in the subgroup without such mood.
As shown in Table II the number of patients with depressive mood decreased by 59% (30 out of 51) at the 4-week assessment, but after 12 months the remaining decrease was only 6% (3 patients). Selecting only patients with higher degree of depressive mood, the number decreased by 81% (17 out of 21) at 4 weeks, and at 12 months there was still a remaining 57% (12 patients) decrease. The distribution of patients in different pre-treatment levels of depression and the subsequent change at 4 weeks and 12 months in the subgroups without, with mild and with higher degree of depressive mood, respectively, are presented in Fig. 3 , expressed as percentages. Of the patients with mild degree of depressive mood, 23 out of 30 (77%) improved at 4 weeks and 13 of them (43%) were still without depressive mood at 12 months. Of the patients with higher degree of depressive mood 18 out of 21 (86%) improved at 4 weeks, half of them to the level without depressive mood, and at 12 months 15 of the 21 (71%) were still improved. Of the 41 patients who improved at 4 weeks 13 (32%) relapsed at 12 months, a higher proportion in patients with mild degree than in patients with F [3, 210 ], = 0.64, p = 0.59), although the exercise occasions per week increased slightly arithmetically from an already high level of 3.7 to 3.9, 3.7 and 4.0. Subgroup differences in dietary-, relaxation, and exercise habits at the 12-, 24-and 36-month follow-ups were calculated separately. In order to eliminate pre-treatment differences between groups in measures of lifestyle habits, one-way ANCOVAs with a baseline level of the different dependent variables as covariates, were performed. As presented in Table  III , no significant lifestyle habit differences due to group emerged at the different follow-up periods, indicating that the original level of depressive mood did not influence change of lifestyle habits. The same was true for the proportion of smokers at the 12-month (p = 0.84), 24-month (p = 0.57) and 36-month (p = 0.25) follow-up assessments.
DISCuSSION
Clinically significant depression tends to recur and to be chronic, especially if left untreated (27) . In the present study, around 80% of the patients with higher degree of depressive mood improved after the 4-week inpatient phase. These results are in line with those reported by Milani et al. (6) who found that 67% of the pre-treatment depressed CAD patients in their study remitted after a 3-month rehabilitation program. The results at the 12-month assessment in the present study, with 32% relapsing, were less impressive compared with the distribution at 4 weeks. A comparable course has also been reported by Hance et al. (28) , who found that 42% of patients diagnosed with minor depression developed major depression.
The patients with higher degree of baseline depressive mood at the start made the greatest improvements, both in terms of mean values and in terms of the proportion of patients who improved to a level with less or without depressive mood at 12 months. These results are partly at odds with findings in our previous study (20) , suggesting both a short-and long-term (12 months) improvement on BDI measured mild depression, but an improvement restricted to the physical mood on the BDI among clinically depressed subjects.
As the aim of the present study was to investigate the time-course of depressive mood during participation in a rehabilitation intervention, as well as to analyse its relation to risk factor related lifestyle changes, the design lacks a randomized control group, and we are in no position to draw any casual conclusions as to the impact of the intervention per se on the course of depressive symptoms. However, the overall improved depressive mood corresponds with some controlled rehabilitation programs (9) (10) (11) . On the other hand, the observed decreases in depressive mood during the long-term rehabilitation program do not correspond with some other psychological-and counselling-based programs (13) (14) 17) . These interventions lacked behavioural components, such as exercise training. The absence of exercise in this type of program may have been critical since exercise has been found to have an anti-depressive effect (29) . Results are also at odds to a study by Sebregts et al. (19) , which may be explained by the fact that in their study exercise training was included also in the control group. Exercise seems to be an important component in association to depressive mood in CAD rehabilitation even though not all studies support this suggestion (16, 18) . Another indication of the importance of physical exercise is that individuals with low physical activity seem to have a greater risk of subsequent depression (30) .
Depressive mood have been found to be associated with poorer adherence to cardiac risk factor modification and rehabilitation programs (31) . Both Mayou et al. (3) using the HADD, and Ziegelstein et al. (5) , using the BDI, reported lower adherence to recommended lifestyle changes in depressed patients than in non-depressed. In the present study, patients originally with depressive mood made lifestyle changes to the same degree as patients without depressive mood. As change of lifestyle has been found to decrease recurrent coronary events (32) (33) (34) , it is an important observation that depressive mood does not seem to have an effect on change of lifestyle after participating in a behaviourally oriented rehabilitation program.
Apart from the above-mentioned lack of a control group, another limitation of the present study is that the sample size was quite small due to the high drop-out rate (40%) during the assessment period. Even though there was no pre-treatment depression level difference between the patients who accomplished the assessments and the drop-outs, it cannot be ruled out that drop-outs for different reasons got worse during the period. However, data from 30% of the drop-outs at the 12-month follow-up indicates that they did not differ on level of depressive mood from those who fulfilled all assessments. Anyway, even if most of the drop-outs had increased their depressive mood levels, the results of the present study indicate that this does not seem to influence the change of lifestyle pattern. In summary, the course of depressive mood through the 12-month assessment period, showing an immediate improvement and a subsequent impairment for a number of patients, seems to be the normal progress. Nevertheless, depressive mood, both in the subgroups with mild and higher degree, was improved at 12 months compared with baseline. Although it could not be concluded that this decrease was caused by the rehabilitation intervention itself, it might be speculated, in line with some similar controlled studies (9) (10) (11) , that the inclusion of exercise training may be important for the improved depressive mood as exercise has been found to be a high-quality antidepressant (35) . Due to the non-randomized design, relatively small sample size and high drop-out rate results in the present study must, however, be interpreted with some caution.
Depression, and also milder forms of depressive mood, have a generally negative influence on CAD, but the results of the present study indicate that pre-treatment patients with depressive mood change their lifestyle to the same degree as patients not feeling depressed during a 36-month follow-up period. This indicates that depressive mood might not be an obstacle to lifestyle changes that might prevent recurrent coronary events after participating in a behaviourally oriented rehabilitation program including exercise training.
